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METHOD AND APPARATUS FOR ANALYZING THOUGHT SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to a computer-based method and 
apparatus for analyzing a thought system of a subject which consists of at least 
one individual, based on various and ambiguous items perceived by the subject. 
More particularly, the present invention is concerned with techniques for 
retrieving or extracting at least one essential axis of thought system, i.e., at least 
one essential vector of dimension of the thought system, which is not observed 
even by the subject. 

2. Description of the Related Art 

As is apparent from many experimental rules and results of experiments, 
a human consciousness includes a multidimensional and complicated thought 
system. More specifically described, the human thoughts usually, e.g., in a daily 
life, relate to various kinds of matters or items such as tasks, friends, families, 
schools, hobbies, money, past matters, future matters, and the like. Moreover, 
each of these items, e.g., a task is also concerned with many items such as 
management, perspective, profit-making, and the like, which items are 
complicatedly related with one another. In general, the human is likely to 
recognize these items in an unorganized form, rather than in an organized form. 
Particularly, the human may recognize these items such that these items are not 
completely independent from one another, but relate with one another by any 
specific factors. However, the human generally does not or cannot recognize 
these specific factors. 

Due to the above-mentioned ambiguous recognition of the relationship 
between the perceived items, the individual is prone to fail in appropriate 
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organization of his or her idea upon deciding his or her way of performance, or 
upon arranging his or her thoughts. This drawback has been widely recognized 
by experiences. To overcome this drawback, these has been proposed to perform 
"Manual" method one of which will be described by way of example. Namely, 
an individual initially picks up items based on his or her perception, and then 
classifies these items into the appropriate number of groups in accordance with 
a predetermined standard such as an importance-basis standard, and a 
character-basis standard. Each of the obtained groups may further be classified 
or may be combined with another group or the other groups together, as needed, 
whereby the perceived items are organized into appropriate groups. 

The "Manual" method as described above, however, requires the 
predetermined standard prepared by the individual or others, for prosecution of 
the classification of the items, so that a results of the method is inevitably 
affected by the predetermined standard and the classification executed based on 
the predetermined standard, resulting in insufficient consequent of the method. 
In particular, there is known that an individual may recognize only a part of his 
or her thought system, and that the individual's thought system further includes 
subconscious thoughts which are ambiguously noted or are never recognized by 
the individuals. Accordingly, the "Manual" method merely allow the individual 
to classify the recognized items into the appropriate groups. That is, the 
method is merely provided for arranging the superficially recognized items, 
resulting in obtaining an insufficient result of the method. Further, when the 
obtained perceived items have the relatively large number, while being 
complicatedly correlated with one another, the manual classification of the 
perceived items on the basis of the predetermined standard is extremely 
cumbersome and difficult. Thus, this "Manual" method does not work 
practically to analyze or arrange the items of the individual's thought system. 
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In recent years, there has been developed a multivariate analysis as one 
of statistical methods for clarifying scientific phenomenon in which a large 
number of elements are complicatedly correlated with each other, and the 
application of this multivariate analysis to various kinds of fields has been 
5 considered. One example of the application of this multivariate analysis is 
disclosed in US-A-4,839,853, wherein the multivariate analysis is used to 
classify various kinds of documents. The classification of the documents such as 
books is extremely complicated and difficult, if the contents of the documents 
are in great variety, leading to a failure in the classification. Therefore, a 
10 singular value decomposition, a kind of the multivariate analysis, is performed 
^3 to analyze the documents based on a data of relationship information between 
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M titles of documents and a set of words occurring in more than one title, to 

I ?i thereby obtain a positional data of each of the documents which represent the 

c : ; 

if : position of the document on a virtual space. Thus, the documents are displayed 

f y 

15 in the virtual space according to the obtained positional data, permitting visual 
s 4 recognition of the relationship between the documents, and permitting objective 

fS classification of the documents based on this visual recognition. 

f ^ 
C3 

There has been considered to apply the above-described singular value 
20 decomposition to analyze the human thought system which is complicated as 
described above. However, the conventional singular value decomposition 
requires two kinds of sets of variables which are clearly distinguishable from 
each other, e.g., a set of document titles and a set of words occurring in more 
than one title, as in the above-indicated example. With the two mutually 
25 distinguishable set of variables, a matrix is generated so that the analysis is 
desirably performed on the generated matrix. However, the human thought 
system may includes perceived items which are ambiguously correlated with 
each other and are accordingly considered as variables belonging to a single 
group. Since the conventional singular value decomposition requires clearly 
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distinguishable two kinds of groups of items as described above, the 
ambiguously-related items of the human thought system are not suitable for the 
conventional singular value decomposition and the application of the singular 
value decomposition on the analysis of the human thought system in 
impractical. Thus, the those skilled in the art would never motivate to apply the 
singular value decomposition to analyzing the human thought system. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide a computer 
associated method and apparatus for analyzing a thought system of a particular 
subject consisting of at least one individual. The present method and apparatus 
for analyzing a thought system of a subject permit a computer analysis using a 
set of variables, i.e., a plurality of items perceived by the subject, without 
requiring a beforehand classification of the items on the basis of a 
predetermined standard, and are capable of retrieving or extracting an essential 
thought axis or axes, in other words, a principal component or components of 
the thought system of the subject, which has not been perceived even by the 
subject. 

Extensive studies of the present inventor have been made to achieve the 
above-indicated object and reveal that an application of a novel scientific 
method for analyzing a plurality of items perceived by a particular subject 
permits an automatic extraction of an essential thought axis or axes of the 
subjects' thought system including whose subconscious. Namely, the application 
of the novel scientific method enables automatic-retrieval of an unknown 
essential thought axis or axes from superficially appeared items. 

The above object may be achieved according to one aspect of the 
principle of the present invention, which provides a method of analyzing a 



thought system of a subject, the subject consisting of at least one individual, the 
method comprising the steps of: (a) obtaining a plurality of items perceived by 
the subject; (b) obtaining relationship information of all possible pairs of the 
items, based on perception of the subject with respect to relationship between 
two items of each of the all possible pairs of the items; (c) generating a relation 
matrix of the plurality of items based on the relation information of each of the 
items with respect to the all other items; (d) transforming the relation matrix to 
a display matrix projected on a representation space having dimensions lower 
than the number of the items and reflecting a relationship between the items 
perceived by the subject; and (e) displaying the items on the representation 
space according to the display matrix such that the items are plotted on the 
active positions in the representation space. 

According to the method of analyzing the thought system of the subject 
according to the present invention, the obtained items perceived by the subject 
are never classified or grouped in the steps of (a) obtaining a plurality of items, 
(b) obtaining relationship information of all possible pair of items, and (c) 
generating a relation matrix of the plurality of items, and are dealt with 
variables in the same class or level, for generating the relation matrix. Further, 
the step (d) of transforming the relation matrix to the display matrix is arranged 
to perform a specific mathematical method on the relation matrix to thereby 
generating the display matrix which permits a display of the obtained perceived 
items on the representation space. It may be preferable that the step (d) of the 
analyzing method of the present invention is executed by using a capacity of 
high-speed arithmetic processing of a computer system to transform the relation 
matrix to the display matrix. It may be more preferably that the steps (c) and (e) 
is executed by suitable source of the computer system. 

Accordingly, the analyzing method of the present invention can 



analyze the thought system of the subject, i.e., at least one individual, wherein a 
multiple items complicatedly correlated with each other, without requiring 
beforehand classification of the items based on a specific standard, e.g., concept 
of the items. Namely, the multiple items may be processed as a single band of 
information. Moreover, the analyzing method of the present invention requires 
only a plurality of items ambiguously and unsystematically perceived by the 
subject, and relationship information between each of the items and the all other 
items based on instinctive or subconscious judgement by the subject on the 
relationship between two items of each of the all possible item pairs, without 
using any specific standard for the judgement. This arrangement permits 
retrieval of an essential thought system of the subject, which is latent in a 
subconscious of the subject, and accordingly permits extraction of a frame of a 
thought system of the subject. Thus obtained plurality of items and relationship 
information thereof are used for generating the relation matrix. This relation 
matrix is transformed by statistical techniques into the display matrix projected 
on the representation space having relatively low dimensions, in which the 
items are plotted in the respective positions according to the display matrix. By 
observing the positions of the items or the like on the representation space, the 
subject can recognize at least one essential semantic axis of his or her thought 
system which has not been recognized even by the subject. 

In the present invention, the subject may consist of a single individual 
or a group of a plurality of individuals or alternatively some groups of the 
plurality of individuals. Namely, the present analyzing method is capable of 
analyzing a thought system of one individual and a general thought system of 
the group. The present analyzing method may be arranged to analyze a relative 
difference between thought systems of the respective individuals of the group. 
Alternatively, the present analyzing method may be arranged such that the step 
of obtaining items may be performed in cooperation with the all individuals of 
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the group, while the individuals may share the all possible pair of the items in 
the step of obtaining the relationship information. This arrangement may 
effectively facilitate the step of obtaining a multiple relationship information 
between two items of each of the all possible item pairs. In addition, the group 
of the plurality of individuals may be separated into sub-groups. In this case, 
the present analyzing method may be applicable for analyzing a difference 
between the respective thought systems of the sub-groups. 

As for the multivariate items perceived by the subject, any item may be 
employed, provided the subject may recognize the item with somewhat 
awareness of the subject. For instance, various kinds of events or thoughts may 
be employed as items, irrespective whether the item is actual or abstract, or 
whether the item is conceptual or significant. Further, signals or drawings are 
also employed as the items. In view of the following analyzing processes, the 
items may preferably consist of words, phrases or sentences which represent the 
events or thoughts. The present analyzing method may preferably be arranged to 
show the individual the all items previously obtained upon the step of obtaining 
the items. This arrangement is effective to avoid multiple obtainment of the 
same item and to facilitate the process of obtaining the items by the subject. 

In this respect, it may also be employable the items prepared by creation 
or selection by the subject. More specifically, the items prepared by the creation 
of the subject may comprise the items in the form of words or sentences, which 
are ambiguously recognized by the subject as a group of thoughts which seems 
to belong to the same thought system unsystematic style. On the other hand, the 
items prepared by the selection of the subject may comprise items in the form of 
words or sentences, which are selected by the subject from previously provided 
information in the form of sentences, upon making a decision on a particular 
subject based on the information of the sentences. 



Since the items perceived by the subject may be employed as a 
multivariate in the present analyzing method, the step of obtaining the items 
may further be arranged to prompt the individual to obtain each item within 
preferably 50 seconds, more preferably, 30 seconds. This arrangement 
effectively prohibits the individual from obtaining the items based on his or her 
logically or consciously biased ideas, resulting in elimination of adverse 
influence on the result of the analysis due to the biased ideas. For obtaining the 
same effects, the present analyzing method may preferably be arranged such that 
the subject successively executes the steps of (a) obtaining a plurality of items 
and (b) obtaining relationship information of all possible item pairs in a 
substantially continuous time. Preferably, the step of (b) obtaining relationship 
information may be arranged to prompt the individual to obtain the relationship 
information of each item pair within 10 seconds, more preferably, 5 seconds. In 
addition, the number of the items obtained in the step of (a) obtaining 
relationship information is not particularly limited. However, the number of the 
items may preferably be within a range of 5-20, more preferably, 8-12, in view 
of that excessively small number of items provide difficulty to be analyzed by 
the present analyzing method, and that excessively large number of items 
leads to a tremendous increase of the number of the item pairs, like an increase 
according to a law of an exponential function, resulting in an excessive burden 
on the subject to evaluate all possible item pairs. 

To avoid a relative judgement over the plurality of items, the step of (b) 
obtaining relationship information is arranged to show the subject only two 
items of each of the all-possible item pairs, upon obtaining the relationship 
information between the items . In other words, the step (b) is arranged to 
avoid showing the subject three or more items at a time. Preferably, the present 
analyzing method may further comprise the steps of: detecting a unique item 
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having no relationship to the all other items based on the relationship 
information; and deleting the unique item from the obtained items so as to 
regenerate the relation matrix obtained in the step of (c) generating the relation 
matrix. This arrangement effectively eliminates or reduces an adverse influence 
of the unique item on the result of the present analysis. The unique item may 
comprises a unique item which has no relation with the all other items, and a 
sub-unique items which has few relation with the all other items. When deletion 
of both of the unique and sub-unique items is required, the analyzing method 
may be arranged such that the unique items are absolutely deleted, while the 
sub-unique items are optionally deleted with the subject's approval of deleting 
thereof. In this respect, the sub-unique items may be shown to the subject for 
judging whether the sub-unique items should be deleted. It should be understood 
that the deletion of any one of the unique and sub-unique items requires 
regeneration of the relation matrix. In some cases, the unique and sub-unique 
items may occur in a relatively high frequency, due to the inherent problem of 
the obtained items. For the such cases, the present analyzing method may 
preferably include an option to return to the step of (a) obtaining a plurality of 
items to recommence the steps of analyzing method according to the present 
invention. 

Preferably, the analyzing method of the present invention may further 
comprise the steps of judging the relationship information is biased, and 
displaying a warning to the subject if the relation ship information is biased. 
Further, the analyzing method optionally comprises the step of initializing the 
step of obtaining the relationship information if the relationship information is 
biased, so as to recommence the step of obtaining the relationship information, 
as needed. It is considered that the relationship information may be biased due 
to that the subject's criterion for judging the relationship between two items of 
each item pair. In view of this, the present analyzing method may preferably be 
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arranged to optionally prompt the subject to recommence the step of obtaining 
the relationship information, in other word, to amend his or her criterion for 
judging the relationship between two items of each item pair. In some cases, the 
relationship information may be biased due to the order of showing the item 
pairs and accordingly may possibly normalized later. In view of this, the present 
analyzing method may preferably include the step of allowing the subject to 
determine whether it is required to recommence the step of (b) obtaining the 
relationship information. 

In the present analyzing method, the relationship information may be 
obtained in a variety of different forms, provided the information ambiguously 
represents the relationship between each item and the all other items. Preferably, 
the relationship information may consist rating of relationship (hereinafter, 
referred to as a "relation rating") between two items of each of the all-possible 
item pairs. For effectively extracting an essential part or frames of the thought 
system of the subject, the relation information may preferably consist of 
conceptional rating values such as, "large", "medium" and "small", so as to 
avoid the obtained relation ratings being affected by logical ideas of the subject. 
The relation rating for represent the relationship between two items of each item 
pair may preferably includes 2-5 levels, more preferably 3 levels. For instance, 
the relationship information may include 5 levels literally represented by "very 
strong relation", "strong relation", "some relation", "few relation" and "almost 
no relation". Thus obtained literal relation information may preferably be 
converted into numerical values so as to be processed as a quantitative data in 
the following statistical process, for facilitating the statistical process. 

In the present analyzing method, the items perceived by the subject and 
obtained in the step of (a) may preferably be a qualitative data, while the 
relation information obtained in the step of (b) may preferably be a quantitative 



data. In this respect, the qualitative data is a qualitative analysis data that 
represent a property or contents of the item by using characters or words having 
no concept of numerical values. On the other hand, the quantitative data is a 
quantitative analysis data that represent a property of the item by numeral or 
numerical values. 

According to the present analyzing method, the step of (b) obtaining 
relationship information further comprising the step of showing the subject only 
one pair of the all possible pairs of the items in order, so that the individual can 
assign the relation information for each item pair, in the same order. Moreover, 
the order of showing the subject the one pair of the ail-possible item pairs is 
arranged to avoid repetition of the items in consecutive pairs. This arrangement 
permits the subject to judge relationship between only two items, irrespective of 
relativity to the all other items, while prohibiting relative and logical judgement 
on the three or more items. It is accordingly avoided that the result of the 
analysis merely reveal a superficial thought system due to the above-mentioned 
relative or logical judgement, resulting in effective extraction of a desired 
essential part of the thought system of the subject. For obtaining the 
relationship information between two items of each of the all-possible pairs, a 
graphical user interface may be suitably employed. The graphical user interface 
according to the present invention includes a variety of different display formats. 
For instance, the items may be arranged for a upper side and a lower side or a 
right side and a left side of the user interface. In the user interface of the present 
invention, the order of displaying items may preferably be arranged so as to 
avoid repetition of the same items in consecutive pairs. In addition, the order of 
displaying items may preferably be arranged such that each item alternatively 
appears on the opposite sides of the display. For instance, the item which 
currently appears on one side of the display is arranged to appear on the other 
side of the display in the next occasion which comes after the several item pairs 
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are evaluated. 

According to the present analyzing method, the step of (c) generating a 
relation matrix of the plurality of items is effectively generated by using the 
relationship information about relationship between each item with the all other 
items, as elements of the relation matrix. That is, the relation matrix is a square 
matrix in which valuations both in rows and columns consist of obtained items 
perceived by the subject. In this square matrix, the row items and the column 
items are accordingly the same, so that the square matrix represents character of 
each item, in other words, relativity of each item with respect to the all other 
items. 

Moreover, the present analyzing method may further comprises the steps 
of (f) generating a profile matrix by dividing each element of the relation matrix 
by a sum of the elements of the relationship matrix, and (g) generating a 
transformed matrix by transforming the profile matrix based on deviation of 
each element of the profile matrix from the corresponding expectation of the 
each element of the profile matrix. These steps of generating the profile matrix 
and the transformed matrix may be performed before executing the step of (d) 
transforming the relation matrix to the display matrix. These pre-treatments 
performed on the relation matrix enable to provide an improved relation matrix 
which effectively clarify a position of each item in the entire thought system of 
the subject, based on the relationship information between each item and the all 
other items. Therefore, the relation matrix processed by the pre-treatments is 
effectively transformed into the display matrix projected in the representation 
space. 

In the present analyzing method, the step of (d) transforming the 
relation matrix to the display matrix preferably comprises a step of performing a 



singular value decomposition (S.V.D). As discussed above, the relation matrix 
of the present analyzing method is generated in the form of a square matrix, so 
that a technique of eigenvalue problem, which is recognized as a special case 
of S.V.D, may also be applicable for processing the display matrix. With aid of 
5 the statistical techniques, such as the S.V.D, for decreasing dimensions of the 
matrix, the relation matrix, in particular, the relation matrix processed by the 
pre-treatments can effectively be transformed into the display matrix which is 
projected on the representation space having dimensional axis as a characteristic 
semantic axis of the thought system. 

jos 10 

q In addition, the step of (d) transforming the relation matrix to a display 

jj* matrix may preferably comprises a step of modifying the display matrix such 

f* i 

1% that values of elements of the display matrix to be weighted with respect to 

[=f each dimension . This arrangement which is performed after obtaining the 

i [j 

s 15 display matrix permits to provide an improved display of positional relationship 

i 5 

between the all items, so that the subject can easily recognize the relationship 

J a between the items, facilitating recognition of essential dimension axes of the 

J;" thought system of the subject. 

20 In the step of (e) displaying the items on the representation space 

according to the display matrix, there is employed a variety of different display 
formats, such as a list of data including numerical values representing positions 
of the items on the representation space. Preferably, a graphical format of a two- 
or three-dimensional coordinate may be employed wherein each item is plotted 

25 in the corresponding coordinates. This graphical format according to the present 
analyzing method ensures an easier visual recognition of the essential axes of 
the thought system of the subject, in comparison with the display format which 
merely shows a numerical data representing the positions of the respective items. 
Upon displaying the all items on the two- or three-dimensional coordinate, the 
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each item may preferably be plotted with a circular object whose radius 
varies based on the corresponding value of relativity thereof with respect to the 
all other items. Alternatively, the radius of the circular object representing the 
item may vary based on the value of relativity thereof with respect to any 
dimensional axis of the thought system. These graphical display format arranged 
according to the present analyzing method as described above, permits visually 
displaying the result of the present analysis with additional information as 
needed, further facilitating recognition of the essential axis or axes of thought 
system of the subject. 

i ur mcr, according lO m£ present an alyzing method, the step of (d) 
transforming the relation matrix to the display matrix further comprises the step 
of storing a data of the display matrix. This arrangement makes it possible to 
display the all items on the respective positions of the representation space 
according to the stored display matrix, in a variety of desired display format, at 
any time. 

Moreover, the analyzing method of the present invention preferably 
comprises a step of performing a cluster analysis using the display matrix, so as 
to separate the items into groups the number of which is smaller than the total 
number of the items. By performing the cluster analysis using the display matrix, 
the items plotted on the respective positions of the representation space are 
separated into the suitable number of groups, still further facilitating 
recognition or analysis of the thought system. As for the method of cluster 
analysis, there may be employed various kinds of method known in the art, such 
as a nearest-neighbor method, a furthest-neighbor method, a group-average 
method, a k-means method, or the like. When the cluster analyzing method is 
employed in the step of (d) transforming the relation matrix to the display 
matrix, the present analyzing method may further be arranged to display the 
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items on the representation space with different colors which varies depending 
on number of groups in the step of (e) displaying the items. That is, the items 
belong to the identical group are displayed with the same color assigned to the 
group. This arrangement may further facilitate the recognition and analysis of 
the thought system. 

In addition, the present analyzing method may be usable for analyzing 
the though system of the subject which consists of a plurality of individuals. In 
this case, the present analyzing method may be arranged to perform the step of 
analyzing method of the present invention by the plurality of individuals 
together, i.e., by the subject, so as to analyze the thought system of the subject. 
Alternatively, the present analyzing method may be arranged to perform some of 
the steps by each of the plurality of individuals and integrate the result of the 
steps obtained by each individual to provide the integrated result of the steps. 
This integrated result of the steps is further processed according to the present 
analyzing method so as to analyze the thought system of the subject. More 
specifically described, the plurality of individuals who constitute the subject, 
are cooperate together to execute the step of (a) obtaining a plurality of items as 
items perceived by the subject. The following step of (b) obtaining relationship 
information is separately executed by each of the plurality of individuals so as 
to obtain a plurality of set of relationship information between each item and 
the other all items. The successive step of (c) generating a relation matrix of the 
plurality of items is arranged to integrate the plurality of relationship 
information together, to thereby generate a relation matrix for the subject 
consisting of the plurality of individuals. The obtained relation matrix is 
processed by the specific statistical method, for analyzing the entire though 
system of the plurality of individuals, i.e., the subject. Alternatively, the step of 
(b) obtaining relation information may be arranged such that the plurality of 
individuals share the all-possible item pairs for judging relationship between 
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two items of each of the all-possible item pairs for obtaining the relationship 
information between two items of the all possible item pairs, effectively 
reducing a burden for each of the individuals for judging the relationship 
information of the all possible pairs. This arrangement is effective in particular 
for processing a multiplicity of items which causes a tremendous increase of 
the number of the item pairs, like an increase according to a law of an 
exponential function. - 

Further, the present analyzing method may also be applicable to analyze 
the difference in thought systems between the plurality of individuals who 
constitute the single subject, or may be applicable to analyze the difference in 
thought systems between the plurality of subject. Specifically, in the former 
case, a plurality of items are obtained according to the present analyzing method, 
initially. The following step of (b) obtaining relationship information is 
separately executed by each of the plurality of individuals so as to obtain a 
plurality of set of relationship information between each item and the other all 
items. The successive step of (c) generating a relation matrix of the plurality of 
items is arranged to generating a plurality of relation matrixes for the respective 
individuals, so as to generate a juxtaposition relation matrix wherein the 
plurality of relation matrixes are juxtaposed. The obtained juxtaposition relation 
matrix is processed in the steps of (d) transforming the relation matrix to 
respective display matrix and (e) displaying the items on the representation 
space according to the display matrixes, according to the present analyzing 
method transforming the relation matrix. Accordingly, the plurality of thought 
systems of the respective individuals can be projected on the same 
representation space, so that the difference between the individuals in 
perception with respect to the same item can be effectively displayed and 
visually recognized. When the subject consists of a plurality of groups each 
including a plurality of individuals, the above-mentioned analyzing method 



according to the present invention may also be applicable, provided each group 
is recognized as an individual. 

Further, the analyzing method of the present invention may be arranged 
to perform the step of the analyzing method of the present invention as 
described above, in multistage. Namely, the present analyzing method of 
multistage may comprises, for example, (h) a first stage comprising of the step 
of performing the present analyzing method as described above on the thought 
system of the subject, and (i) a second stage comprising the steps of: selecting 
at least one of the items obtained in the first step; obtaining a plurality of items 
perceived by the subject with respect to the seiecied item; and analyzing the 
obtained plurality of items according to the present analyzing method as 
described above. 

The above object of the present invention may be achieved according to 
another aspect of the principle of the present invention, which provides an 
apparatus of analyzing a thought system of a subject, the subject consisting of at 
least one individuals, comprising: (j) a first input device being arranged to input 
a plurality of items perceived by the subject; (k) a second input device being 
arranged to input relationship information between two items of each of all 
possible pairs of the plurality of items, based on perception of the subject with 
respect to the relationship between the two items; (1) a relation matrix generator 
adapted to generate a relation matrix based on the relationship information of 
each of the items with respect to the all other items; (m) a display matrix 
generator adapted to transform the relation matrix into the display matrix 
projected on a representation space having dimensions lower than the number 
of the items, the representation space reflecting a relationship between the items 
perceived by the subject; and (n) a display device adapted to display the items 
in the representation space such that the items are plotted on respective 



positions in the representation according to the display matrix. 

The analyzing apparatus of the thought system of the subject according 
to the present invention is suitably arranged for executing the analyzing method 
5 of the present invention aforementioned, exhibiting technical effects and 
advantages of the present invention effectively. It is appreciated that the 
analyzing apparatus of the present invention may preferably be embodied with 
an association of a computer system. In one preferred form of the present 
apparatus, the first and second input devices are arranged to be operable for 
.= 10 inputting the items and relationship information, at the same time upon 
\2 obtaining these items and relationship information from the subject. 

- 

Alternatively the first and second input devices are arranged to be operable for 
ifj inputting the items and relationship information after obtaining these items and 

^ relationship information from the subject. The display device used in the present 

^ 15 analyzing apparatus may not be specifically limited, but may preferably be 

-J comprised with an visual display device which is capable of displaying a 

if 

In graphical display format wherein the all items are plotted on two- or three 

dimensional coordinate. Such a display device is able to aid the subject to 
recognize the positions of the all items on the representation space, facilitating 
20 recognition of the essential dimensional axis or axes of the thought system of 
the subject. The second input device of the present invention which is adapted 
to input relationship information between two items of each of all possible item 
pairs, may preferably be constituted by a plurality of terminal units connected to 
the analyzing apparatus via a communication network, so as to allow the 
25 individual to input the relationship information by the terminal unit. The 
analyzing apparatus having the plurality of terminal unit allows the subject 
consisting of the plurality of individuals to input the required information, e.g., 
the items or the relationship information by using the terminal units. This 
arrangement may facilitate and improve efficiency of the operation of the 



thought-system analysis of the present invention, for example, when the 
relationship information should be obtained separately from each individual of 
the subject, or when the plurality of individuals of the subject share the all 
possible item pairs forjudging relationship between two items of each item pair, 
5 in order to reduce the number of item pairs assigned to each individual . 

It is a yet another aspect of the principle of the present invention, which 
provides a computer program product for analyzing a thought system of a 
subject by using a plurality of items perceived by the subject that consists of at 
10 least on individual. The computer program product comprising: computer code 
*3 that relates each of the items to ail other items, using a rating of relationship on 

if! 

\a several levels; computer code that generate a relation matrix using the obtained 

ft! 

[5 relation ratings; computer code that performs a multivariate analysis on the 

relation matrix so as to transform the relation matrix to a display matrix; 

iU 

E 15 computer code that display the all items on respective position of a 
'•4 representation space according to the display matrix; and a computer-readable 

medium that stores the program codes. 

C3 

The computer program product of the present invention may preferably 
20 comprise computer code that performs a cluster analysis using the display 
matrix, or other computer codes for performing any one or more of other steps 
of analyzing method according to the present invention. It is appreciated that 
the computer-readable medium may preferably be selected from a floppy disk, a 
magnetic tape, an optical disk, a magnet-optical disk, a computer hard disk, a 
25 flash memory and the like. 

It is still another aspect of the present invention to provide a computer 
program data signal for analyzing a thought system of a subject consisting of at 
least one individual, the computer program data signal embodied in a 




telecommunication medium and representing sequences of instructions which, 
when executed by a processor, cause the processor to perform the steps of: (a) 
obtaining a plurality of items perceived by the subject; (b) obtaining 
relationship information of all possible pairs of the items, based on perception 
of the subject with respect to relationship between two items of each of the all 
possible pairs of the items; (c) generating a relation matrix of the plurality of 
items based on the relation information of each of the items with respect to the 
all other items; (d) transforming the relation matrix to a display matrix 
projected on a representation space having dimensions lower than the number 
of the items and reflecting a relationship between the items perceived by the 
subject; and (e) displaying the items on the representation space according to 
the display matrix such that the items are plotted on respective positions in the 
representation space. 

The computer program data signal embodied in the telecommunication 
medium of the present invention makes it possible to easily provide an 
analyzing apparatus according to the present invention in association with a 
computer system, by only transmitting the computer program data into the 
computer system via the telecommunication channel. The computer program 
data signal may further include signals for performing any one or more of 
other steps of the analyzing method according to the invention. It is appreciated 
that the telecommunication medium may preferably be selected from any one of 
various kinds of medium which is capable of transmitting the computer program 
data signal. For instance, an optical cable, a radio, a cable, or the like which are 
available in the form of network may be employed. Further, the 
telecommunication channel may include both of the medium which utilizes a 
carrier wave for transmitting the computer program data signal and the medium 
which utilizes no carrier wave for transmitting the computer program data 
signal. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The above and optional objects, features, advantages and industrial 
technical significance of this invention will further clarified by reading the 
following detailed description of presently preferred embodiments or forms of 
the invention, by reference to the accompanying drawings, in which: 

Fig. 1 is a block diagram depicting a structure of hardware in an 
analyzing apparatus constructed according to a first preferred embodiment of 
the present invention; 

Fig. 2 is a block diagram schematically showing functional features of 
the analyzing apparatus of Fig. 1; 

Fig. 3 is a flow chart illustrating a routine for obtaining items perceived 
by an individual executed by the analyzing apparatus of Fig. 1 ; 

Fig. 4 is a flow chart illustrating a routine successive to the routine of 
Fig. 3, for obtaining relation ratings of all possible pairs of the items; 

Fig. 5 is a flow chart illustrating a routine successive to the routine of 
Fig. 4, for performing a multivariate analysis; 

Fig. 6 is a view showing one example of a user interface according to 
the first embodiment which is used to input items; 

Fig. 7(a) is a diagrammatic representation of one example of a sequence 
control matrix according to the first embodiment, and Figs. 7(b) and 7(c) are 
diagrammatic representation of matrixes used for arranging the sequence control 
matrix; 

Fig. 8 is a view showing another example of a user interface according 
to the first embodiment, which is arranged to obtain relation rating between two 
items of each of the all possible pairs of the items; 

Fig. 9 is a diagrammatic representation of one example of a relation 
matrix according to the first embodiment of the present invention; 

Fig. 10 is a diagrammatic representation of one example of a display 



matrix according to the first embodiment, which is transformed from the 
relation matrix by performing a singular value decomposition on the relation 
matrix; 

Fig. 11 is a view illustrating one example of a graphical display format 
according to the first embodiment of the present invention wherein the items are 
plotted on a two dimensional coordinate based on the result in the singular value 
decomposition as indicated in the display matrix of Fig. 10; 

Fig. 12 is a view illustrating another example of the graphical display 
format according to the first embodiment of the present invention, 
corresponding to Fig. 11; 

Fig. 13 is a view illustrating yet another example of the graphical 
display format according to the first embodiment of the present invention, 
corresponding to Fig. 11; 

Fig. 14 is a view illustrating still another example of the graphical 
display format according to the first embodiment of the present invention, 
corresponding to Fig. 11; 

Fig. 15 is a view illustrating one example of a user interface according 
to a second embodiment of the present invention, wherein a plurality of items 
perceived by a subject are listed; 

Fig. 16 is a diagrammatic representation of one example of a relation 
matrix of the items as shown in Fig. 15, according to the second embodiment of 
the present invention; 

Fig. 17 is a diagrammatic representation of one example of a display 
matrix according to the second embodiment of the present invention, which is 
obtained by transforming the relation matrix of Fig. 16 by performing a singular 
value decomposition. 

Fig. 18 is a view illustrating one example of a graphical display format 
according to the second embodiment wherein the items are plotted in a two 
dimensional coordinate based on the result in the singular value decomposition 
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indicated in the display matrix of Fig. 17; 

Fig. 19 is a view illustrating another example of the graphical display 
format according the second embodiment of the present invention, 
corresponding to Fig. 18; 

Fig. 20 is a view illustrating yet another example of the graphical 
display format according to the second embodiment of the present invention, 
corresponding to Fig. 18; 

Fig. 21 is a view illustrating still another example of the graphical 
display format according to the second embodiment of the present invention, 
corresponding to Fig. 18; 

Fig. 22 is a diagrammatic representation of one example of a relation 
matrix according to a third embodiment of the present invention, which is 
generated based on two sets of relation ratings with respect to the same items, 
which are obtained from two individuals; 

Fig. 23 is a diagrammatic representation of a aggregated form of the 
relation matrix of Fig. 22, which is arranged to represent an integral result of 
the two individuals; 

Fig. 24 is a diagrammatic representation of one example of a display 
matrix according to the third embodiment of the present invention, which is 
obtained by transforming the relation matrix of Fig. 23 by performing a singular 
value decomposition 

Fig. 25 is a view illustrating one example of a graphical display format 
according to the third embodiment of the present invention, wherein items are 
plotted on the two dimensional coordinate based on the display matrix of Fig. 
24. 

Fig. 26 is a diagrammatic representation of another example of the 
display matrix according to the third embodiment, which is transformed from 
the relation matrix of Fig. 22, by performing a singular value decomposition; 

Fig. 27 is a view illustrating another example of the graphical display 
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format according to the third embodiment of the present invention, wherein 
items are plotted on the two dimensional coordinate based on the display matrix 
of Fig. 26; and 

Fig. 28 is a diagrammatic representation of a difference matrix 
representing difference in perception between two individuals regarding each 
item, obtained from the relation matrix of Fig. 22. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

Referring first to Fig. 1, there is schematically shown a structure of 
hardware in a thought-system analyzing apparatus constructed according to a 



first embodiment of the present invention. As is apparent from Fig. 1, the 
hardware structure of the analyzing apparatus of the present embodiment may be 
suitably embodied by an ordinal computer system such as a personal computer 
commercially available. More specifically described, the computer system 
incorporates a CPU 10 as a central processing unit, a ROM 12 in the form of a 
read-only memory, a RAM 14 in the form of a random-access memory, and an 
external memory device 16 such as a floppy disk, a hard disk, an optical disk, a 
magnet-optical disk, and magnetic and paper tape recorders. To the CPU 10, 
there are connected input devices 18 such as mice and keyboards and output 
devices 20 such as display devices and printers. The CPU 10 is adapted to 
process signals which are inputted through the input device 18, and a data 
stored in the external memory device 16, according to control programs stored 
in the ROM 12, while utilizing temporary memory function of the RAM 14, so 
as to output various kinds of signals such as control signals and display signals. 
The computer system of the present embodiment may optionally be coupled to a 
computer or a telecommunications network 22 via a telecommunication channel 
so that the computer system can transmit to and receive from the network 22 a 
computer data signal. 
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Referring next to Fig. 2, there is shown a block diagram schematically 
representing functions of the analyzing apparatus according to the present 
embodiment. The analyzing apparatus of the present embodiment is adapted to 
analyze multivariate items perceived by a particular subject, e. g., an individual 
in the present embodiment, and functionally incorporates an item input unit 24 
as a first input means for inputting perceived items, a relationship information 
input unit 26 as a second input means for inputting relationship information 
between two items of each of all possible pair of the items, a relation matrix 
generating unit 28 as a relation matrix generator, a matrix transforming part 30 
as a display matrix generator, and a display unit 32 as a display device. 

The item input unit 24 is adapted to allow the individual to input into 
the computer system the multivariate items (words and phrases in the present 
embodiment) perceived by him or her as a multivariate items. The item input 
unit 24 may suitably comprises at least one of keyboards, voice input devices, 
pointing devices, touch-sensitive displays, handwriting recognizers, as well as 
other well known input devices. The item input unit 24 enables the individual to 
input his or her noted items into the computer system, or enables the third 
person to input the items perceived by the individual into the computer system. 

The relation rating input unit 26 is adapted to allow the individual to 
input his or her perceptions of relationship between two items of each of the all 
possible pairs of the inputted items. In the present embodiment, the relationship 
information is a quantitative data consisting of relation rating on three levels. 
The relationship information input unit 26 may suitably comprises at least one 
keyboards, mice usable with a suitably arranged graphic user interface (GUI), a 
suitably arranged touch-sensitive displays, and the like, thereby permitting input 
of the quantitative data. Like the item input unit 24, the relationship information 
input unit 26 enables the individual to input his or her perception of relationship 
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between the items into the computer system, or enables the other person to input 
the relationship information predetermined by the individual into the computer 
system. 

The relation matrix generating unit 28 is adapted to generate a relation 
matrix based on the relationship information obtained in the relationship 
information input unit 26. The generated relation matrix is capable of 
representing how the individual perceives each item with respect to all other 
items. In general, the relation matrix may be obtained in the form of a 
symmetric ( square) matrix, except when the subject of the analysis consists of a 
plurality of individuals (as in a third embodiment described later) wherein the 
relation matrix includes a plurality of sub-relation matrixes juxtaposed therein. 
The sub-relation matrixes are obtained by a plurality of individuals, respectively, 
in the third embodiment. 

The matrix transforming unit 30 is adapted to transform the relation 
matrix generated in the relation matrix generating unit 28 into a display matrix 
representing a representation space wherein the items are relatively positioned 
for reflecting the individual perception of relativity of all the items. More 
specifically, display space includes at least one essential dimension axis of the 
thought system of the individual, which is extracted from the items, so that the 
items may be plotted on the respective positions with respect to the extracted 
dimension axis. Since the relation matrix has a large number of character 
dimensions, i.e., a higher-dimension matrix, a decrease of the number of 
dimensions is required to permit a projection of the relation matrix on a 
low-dimension representation space, preferably, a three-dimension 
representation space. To this end, a singular value decomposition is effectively 
employed. 



More specifically described, the relation matrix generating unit 28 is 
executed to generate a relation matrix X having I rows and J columns, for 
example. This relation matrix X is processed to obtain a profile matrix P, 
according to the following equation (1), wherein each element of the relation 
matrix X is divided by the ground total N thereof: 
PU =Xij/N (1) 

where, 

i j 

N = E £ Xij 
i=l j=l 

Subsequently, each element pij of the profile matrix P is processed by a 
specific statistical method similar to chi-square as defined by the following 
equation (2), thereby obtaining a transformed matrix A wherein each element aij 
is obtained by transforming the corresponding element pij of the profile matrix P 
based on its degree of deviation with respect to its expectation: 

aij = (Pij - riCj) / riCj (2) 

where, 

r s = Ri/ N 
cj = Cj/ N 

j 

Ri = X Xij 

j=l 
i 

Cj — 2 x^ 
i=l 

The obtained transformed matrix A is then decomposed, with a singular 
value decomposition (SVD) or a similar method. By way of example, a 
transformed matrix A having I rows and J columns, may be decomposed by 
the SVD according to the following equation (3): 



f y 



C3 
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A=UDV T (3) 

where, 

U : matrix of I rows and k columns, 
D : diagonal matrix of k rows and k columns, 
5 V : matrix of J rows and k columns, 

index T: transformed matrix. 

With respect to the above-indicated equation (3), the following equation 
(4) is satisfied, when the matrix U includes vectors (m, u 2 , u 3 .... Uk ) and the 
10 matrix V includes vectors (v u v 2 , v 3 .... v k ), while the matrix D includes 
%2 diagonal elements (dn, d 2 2, d 33 .... d kk ) which satisfy the following inequality: di 

^ ^ d 2 ^ d 3 ^ .... ^ d k : 

li A=diQi+d 2 Q 2 +d 3 Q 3 +.... +d k Q k (4) 

where, 



15 Q s =u s v s T 

(s is integer of 1-k) 

In this respect, the diagonal elements of the matrix D is desirably and easily 
arranged to satisfy the following inequality: di ^ d 2 ^ d 3 .... ^ d k >0. 

20 As is apparent from the above-indicated equations, the matrix A may be 

represented by a liner sum of the matrix Q, such that the characteristics of the 
matrix A may be clearly shown by some of singular vectors having relatively 
larger singular value. Therefore, selection of a suitable number of singular 
vectors having large singular values permits effective generation of a display 

25 matrixes U*, V* whose number of dimensions is lower than that of the 
relation matrix. 



Thus obtained display matrixes U*, V* may further be processed to 
relatively weight the elements with respect to each dimension as needed. More 



specifically, the display matrixes U*, V* having a suitable number of 
dimensions may be multiplied by an appropriate matrix which is suitably 
weighted with respect to each dimensions, thereby obtaining the display 
matrixes U*, V* desirably weighted. For weighting the elements, a singular 
value corresponding to each dimension is suitably employed. 

Next, the display unit 32 is adapted to display each of the items in a 
corresponding position of the representation space, based on the display 
matrixes U*, V*, whereby the representation space reflects the individual's 
perception of relationship between the all items. The representation space may 
be displayed in a variety of different forms or formats. For instance the 
representation space may be indicated by numerical values representing 
coordinates of respective items in a coordinate plane or alternatively be 
displayed in a graphical format arranged to visually show a coordinate 
representing the thought space wherein each of the items is plotted on the 
corresponding position with a circular object, and the like. It should be 
appreciated that the items may generally be represented in a variety of different 
forms. In the display unit 32, there are suitably employed a printer and/or a 
display device as a display device. 

Referring next to Figs. 3-5, there will be described in detail a series of 
routines executed by the analyzing apparatus i.e., the computer system 
constructed according to the present embodiment, as illustrated in Figs 1 and 2 
for analyzing a multivariate data perceived by the subject, e.g., perceptions of 
a present inventor in the present embodiment as a matters and/or events which 
are likely to relate with his work. . In the present embodiment, the computer 
system is operated by the subject. In the following description, for illustrative 
purpose only, the present inventor operates the computer system by himself 
for analyzing his thought system. 
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The item obtaining routine of Fig. 3 will be first described. The routine 
is started with step SI in which all data are initialized. Step 1 is followed by 
Step 2 to allow the individual, in this case the present inventor himself, to 
input a predetermined number of items successively. In the present embodiment, 
the items may consist of items perceived by the inventor as the matters and/or 
events which appear to relate to his tasks. 

The items may be inputted into the computer system using a variety of 
different methods including, but not limited to, using a user interface such as a 
graphical user interface. Fig. 6 is diagrammatic representation of a video screen 
of a display device of the present embodiment, which shows one example of a 
first graphical user interface 36 according to the present embodiment used for 
inputting items In the user interface 36, there are listed items actually inputted 
by the inventor. As is apparent from Fig. 6, the first user interface 36 of the 
present embodiment is arranged to accept twelve items in total (referenced by 
Nos. 1-12 in Fig. 6), and arranged to show all items in a list format so that the 
individual can confirm these items in the same screen. Further, the first user 
interface 36 includes an executed button that is operable upon indicating 
completion of the item-input process. 

After the executed button is operated, the process flow goes to Step 3 in 
which reference Nos. 1-n (n-12 in the present embodiment) are assigned to the 
obtained items according to the order of input, while the total number a of the 
items is stored in RAM 14. Step 3 is followed by Step 4 in which a sequence 
(SEQ) control matrix is automatically generated for controlling an order of 
making possible pairs of items such that repetition of items in consecutive item 
pairs is avoided. For the detailed description, the reference is made to Fig. 7(a) 
which shows one example of the SEQ matrix of the present embodiment, which 



is generated such that all possible pairs of the items are obtained according to a 
matrix of Fig. 7(b), while being ordered according to a matrix of Fig. 7(c). 

The process flow goes to Step 5 in which a case number variable No. 
( ]3 ) is initialized, e.g., initialized to 1. Step 5 is followed by Step 6 to display 
every one pair of items identified by the corresponding number variable, in the 
order of the SEQ matrix. Then, Step 6 is followed by Step 7 to permit the 
individual to input relation rating for each pair of items using a suitable user 
interface. In Fig. 7, the Gothic-type numerals represent rating order in Step 7 or 
displaying order in Step 6, that is, represent the case numbers variable Nos. ( j3 ) 
assigned to the respective possible item pairs, respectively. While the matrixes 
illustrated in Figs. 7(a)-7(c) include even nine items, due to the size of the 
drawing sheet, twelve items are obtained in the present embodiment as 
illustrated in Fig. 6, therefore, it should be understood that the actual SEQ 
control matrix includes twelve items, and the actual case number becomes 66. 

Referring to Fig. 8, there is shown diagrammatic representation of a 
video screen of the display device which shows one example of a second 
graphical user interface 38 according to the present embodiment. The second 
graphical user interface 38 is arranged to list only one item pair identified by 
the corresponding case number variable j3 at a time, and to permit the 
individual to input a relation rating according to his or her perception of 
relationship between two items of the item pair. Specifically, the second user 
interface 38 of Fig. 8 is arranged to display the corresponding row item of Fig. 
7(a) in its upper side, while the corresponding column item of Fig. 7(a) in its 
lower side. In the case of Fig. 8, for example, the user interface displays the 
item No. 2, "talk with Mr. Ohshita" and the item No. 1, "new business model 
(S/C)" in its upper and lower sides, respectively, in order to allow the individual 
to assign a relation rating to the item pair . The second user interface 38 
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includes three selectable buttons representing three alternatives of relation 
ratings, with respect to relationship between two items of the item pair. The 
three selectable buttons are labeled with phrases "Few relation", "Some 
relation" and "Strong relation", respectively. This arrangement permits the 
individual to assign an appropriate relation rating selected from the three 
alternatives to the item pair currently displayed. 

As is apparent from Fig. 8, the second user interface 38 of the present 
embodiment further includes a "Back" button and an "Exit" button. The "Back" 
button is operable to recommence the assignment of the relation rating in Step 7. 
More specifically, the process flow goes to Step 8 to detect whether the "Back" 
button is operated. If an affirmative decision (YES) is obtained in Step 8, the 
process flow goes to Step 9 to decrease the case number variable j3 by one, 
whereby the process flow goes back to Steps 6 and 7 where the item pair 
identified by the last case number variable is reassigned with the reselected 
relation rating by the individual. 

If a negative decision (NO) is obtained in Step 8, that is, if the "Back 
button is not operated, the process flow goes to Step 10 in which the value 
corresponding to the obtained relation rating is set in the corresponding element 
of a relation matrix 40 (see Fig. 9) for the item pair identified by the case 
number variable j3 . In other words, the rating matrix is modified to include the 
relation rating from the item pair identified by the case number variable ]3 . 
Meanwhile, this relation matrix 40 is of a square matrix wherein the same items 
are listed both in the rows and columns in the same order. That is, a relation 
rating between the item of row No. i and the item of the column No. j may be 
provided as the elements aij, and ajj of the relation matrix. It should be 
understood that the required number of rating times is a half of the square of the 
number of items, owing to the fact that the relation matrix is a symmetric matrix. 
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Further, each diagonal element of this symmetric matrix is automatically 
provided with a value larger than any one of the values of the above-mentioned 
three alternatives, for representing the strongest relation between itself. 

Subsequently, the process flow goes to Step 11 to verify whether the 
obtained relation ratings are acceptable in view of balance of frequencies of 
occurrences. If the negative decision (NO) is obtained in Step 11, namely, the 
obtained relation ratings are not acceptable, the control flow goes to Step 12 to 
display warning for visually notifying the individual of unacceptability of the 
relation ratings. Step 12 is followed by Step 13 to allow the individual to 
determine whether reassignment of the relation ratings to the all item pairs is 
required. If the affirmative decision (YES) is obtained in Step 13, that is, the 
reassignment of the relation ratings is required, the process flow goes back to 
Step 5 to recommence the routine of Step 5 through Step 11 for re-obtaining the 
relation matrix. 

The verification in Step 11, that is, verifying whether the relation rating 
is acceptable, is generally performed by examining whether the currently 
obtained relation rating may possibly make the frequency of occurrence for the 
rating unbalance. In the present embodiment, for example, the verification in 
Step 11 is made to determine whether a rate of the number of times for selecting 
a particular relation rating, e. g., a rating "0" representing the "Few relation" to 
the total number of times for rating, is within a predetermined tolerant range, 
(e.g., within a range from 1/10 to 2/3). In other words, the relation rating is 
considered to be unacceptable, if the relation rating has been used for more than 
a particular frequency. If the frequency of occurrence of the particular rating 
exceeds the predetermined range, that is, if the negative decision (NO) is 
obtained in Step 11, the process flow goes to Step 12 to display warnings such 
as "Too much Few relation", or "Too less Strong relation". In this respect, the 



warnings of "Too much Few relation" and "Too less Strong relation" may 
possibly be displayed in the same time, since an examination of the frequency of 
occurrence of the relation is separately performed for the respective three 
alternative ratings. For instance, the above-indicated two warnings may be 
displayed in the same time when the individual selects "Strong relation" for 0 
time, "Some relation" for 1 time, and "Few relation" for 7 times, for assigning 
the relation ratings to the eight item pairs. 

On the other hand, if the affirmative decision (YES) is obtained in Step 
11, that is, if the obtained relation rating is acceptable, or if the negative 
decision (NO) is obtained in Step 13 that is if the reassignment of the relation 
ratings to the all item pairs is not required, the process flow goes to Step 14 to 
determine whether the all item pairs are rated. If any item pairs remain to be 
rated, the negative decision is obtained in Step 14, whereby the process flow 
goes to Step 15 in which the case number variable is increased. Once the case 
number variable is increased, the process flow goes back to Step 6 to 
recommence the routine of Step 6 through Step 14, for reassigning appropriate 
relation ratings to the remained item pairs. 

In the present embodiment, acceptance of the obtained relation ratings 
(cumulative number of each relation rating) is verified whether the occurrence 
frequency of the selected relation rating is within a predetermined tolerable 
range, based on a relationship between the currently selected relation rating and 
all of the relation ratings which have been selected. Since the total number of 
the previously selected relation ratings does not change promptly, the warning 
tends to be displayed every time upon selecting the relation rating, once the 
occurrence frequency or cumulative number of the any one of the relation 
ratings is deviate from the tolerable range and the negative decision ( NO) is 
obtained in Step 13 to continue the following routine, without recommencing 




the reassignment of the relation ratings to the all item pairs. In view of this, the 
process routine may be arranged to display such a warning every eight repetition 
of the routine of Steps 6-14. 

5 Referring to Fig. 9, there is shown one example of the relation matrix 40 

according to the present embodiment. This matrix 40 is generated based on the 
items and the relation ratings of the all possible item pairs, which are actually 
inputted into the computer system by the inventor. As is apparent from Fig. 9, 
the rating matrix of the present embodiment is a symmetric matrix which 
=^ 10 includes diagonal elements to which a constant numerical value "3" is assigned. 

--fj Further, the three alternative relation ratings, i.e., "Few relation", "Some 

in 

relation" and "Strong relation" are converted into three numerical values "0", 

fy 

[n "1", and "2", respectively. Then, the numerical value "0" is set to the 

corresponding elements of the item pairs having "Few relation", and the 
^ 15 numerical value "1" is set to the corresponding elements of the item pairs 

s 4 having "Some relation", while the numerical value "2" is set to the 

C3 

in corresponding elements of the item pairs having "Strong relation" . Thus, there 

£3 

f=l is obtained the relation matrix 40 shown in Fig. 9. 

20 On the other hand, if the affirmative decision (YES) is obtained in Step 

14, that is, if a completion of relation rating of the all possible pairs is 
confirmed in Step 14, the process flow goes to Step 16 to execute the routine as 
illustrated in Fig. 5, for detecting a particular item unrelated to all other items, 
i.e., a unique item, and possibly removing such a unique item from the matrix 

25 40 of Fig. 9, as needed. The routine of Fig. 5 is initiated with Step 16 in which 
an incremental counter "y" is set to an initial value e.g., 1. Once the counter "y" 
is set for a particular item of the matrix, e. g., an item of the "y"th raw, a 
determination is made in Step 17 regarding whether item "y" is unrelated to all 
other items of the matrix. Such a determination may be made by using a variety 
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of different methods including, but not limited to, scanning the rating matrix for 
the value which indicate that item "7" has no relationship with any other item. 
In the present embodiment, for example, the item is considered as a unique item 
if the corresponding raw elements, except the diagonal element, contain the 
numerical value 0 in total. Such a unique item is deleted from the matrix in the 
following Step 21, in view of that such the unique item may adversely affect on 
the following processes i.e., a statistical process of Singular Value 
Decomposition (S.V.D). If the negative decision (NO) is obtained in Step 17, 
that is, no item is considered as the unique item, the process flow goes to Step 
18 to determine whether item "7" is almost unrelated to all other items of the 
matrix, that is the item "7" is considered as a sub-unique item. In the present 
embodiment, for example, the item "7" is considered as the sub-unique item if 
the corresponding raw elements, except the diagonal element, contain the 
numerical values not more than 3 in total. If the affirmative decision is obtained 
in Step 18, that is, the item "7" iS considered as the sub-unique item, the process 
flow goes to Step 19 to display warnings on the video screen of the display 
device for visually warning the presence of the sub-unique item. Step 19 is 
followed by Step 20 to allow the individual to determine whether the sub-unique 
items is removed from the matrix. If the affirmative decision is obtained in Step 
20, the sub-unique item is deleted from the relation matrix in Step 21. Step 21 is 
followed by Step 22 in which the relation matrix is resized using the all other 
items, except the removed unique and sub-unique items. 

Subsequently, the process flow goes to Step 23 to determine whether the 
value of the incremental counter "7" becomes equal to the number " a " of items. 
If the negative decision (No) is obtained in Step 23, the process flow goes to 
Step 24 in which the incremental counter "7" is increased by one. Then the 
process flow goes back to Step 17 to execute the routine of Steps 17-22, for 
examining uniqueness and almost uniqueness for the remaining items. 




If the affirmative decision (YES) is obtained in Step 23, that is 
confirmation is made for completion of examination of uniqueness and almost 
uniqueness of the all items, the process flow goes to Step 25 for performing the 
above-mentioned Singular Value Decomposition (S.V.D), or the like, on the 
relation matrix, thereby transforming the relation matrix 40 to a display matrix 
42 which reflect the relationship between the all items on the representation 
space. This S.V.D permits a transformation of the relation matrix 40 of higher 
order having a large number of character dimensions (12 dimensions in the 
present embodiment if no items is deleted as the unique or sub-unique items) 
into the display matrix 42 of lower order representing a representation space 
having a small number of character dimensions. 

Step 25 is followed by Step 26 in which a cluster analysis is performed 
using the display matrix obtained in Step 25, providing a suitable number of 
clusters, e. g., three clusters in the present embodiment, each including the 
items as elements. 

Referring to Fig. 10, there is shown a display matrix 42 containing 
a resultant matrix 44 as a result of S.V.D, and a cluster column 46 as a result 
of the cluster analysis. As is apparent from the display matrix 42, the 
relation matrix 40 is diminished into the three dimensional display matrix 
having three principal axes, i.e., a first axis (X-axis), a second axis (Y-axis) and 
a third axis (Z-axis) which are orthogonal with each other, in the present 
embodiment. The display matrix 42 of Fig. 10 also shows that the upper half of 
the listed items is the same as the lower half of the listed the items, due to that 
the relation matrix 40 is a symmetric matrix. Thus, one of the upper or lower 
half of the listed items may be deleted from the result matrix as well known in 
the art. 
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The result matrix 44 of Fig. 10 includes a "relative marginal frequency" 
column which contains, for each item, a frequency of marginal distribution of 
the relation matrix 40 associated with the item, in other words, a representation 
of the sum of all relations associated with the item, so that the "relative 
marginal frequency" is a so-called "mass". Regarding each principal axes, i.e., 
X-, Y- and Z-axes, a "coordinate" column, an "absolute contribution" column, 
and a "relative contribution" column are provided. The coordinate column 
contains, for each item, a coordinate value with respect to the corresponding 
principal axis associated with the item, upon projecting the item on the 
corresponding axis. The absolute contribution column contains, for each item, a 
ratio of contribution of the item with respect to each principal axis, while 
the relative contribution column contains, for each item, a ratio of variance of 
the item explained by each principal axis. Further, the result of the cluster 
analysis are presented in the cluster column 46 which contains, for each item, 
a cluster-identifying number associated with the item. That is, items having the 
same cluster number belong to the same class. 

Referring back to Fig. 5, after the display matrix is generated in Step 27, 
the control flow goes to Step 28 in which the result of the S.V.D. and the cluster 
analysis, as illustrated in the display matrix 42 , is displayed in a suitable 
display format so that the result of the analysis can be visually recognized, 
whereby the series of routine for analyzing the thought system of the inventor 
regarding the matters and/or events which appear to be related with his 
task, is terminated. 

It should be understood that various kinds of display format may be 
employed for visually providing the result of the thought-system analysis of the 
present invention, in view of requirements. For instance, the analysis result may 
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be simply printing or displaying on the display screen using the result matrix of 
Fig. 10 in its original form or in a modified form wherein only a required data is 
selected. Alternatively, the result of thought-system analysis of the present 
invention may be displayed or printed in suitable graphical formats, e. g., two 
dimensional coordinates as illustrated in Figs. 11-14, according to the display 
matrix of Fig. 10, where each item is plotted on its coordinates with a circular 
object. The analyzing result displayed in such a two dimensional coordinate 
makes it possible that the individual can visually or instinctively recognize 
character of each item by observing a position of the items on the two 
dimensional coordinate. The two dimensional coordinates respectively shown 
in Figs. 11-14 are arranged such that radii of the circular objects may be 
varied based on values of contribution or the like, by each item to the 
particular axis, in order to interpret the meaning of axis. 

By way of example, in the display format of Fig. 11, the radii of the 
circular objects may correspond to values of the relative marginal frequency of 
the respective items. In the display format of Fig. 12, the radii of the circular 
objects may correspond to values of the absolute contribution of the respective 
items with respect to the first axis (X-axis). In the display format of Fig. 13, 
the radii of the circular object may correspond to values of the absolute 
contribution of the respective items with respect to the second axis (Y-axis). 
Further, in the display format of Fig. 14, the radii of the circular objects may 
correspond to the quality of representation of the respective items over the first 
and second axes. The quality of representation interprets the sum of the values 
of the relative contribution of each item to the particular axis and gives the 
goodness of fit of the each item's representation in a subspace. 

As discussed above, the analyzing method for the thought system 
according to the present embodiment is capable of effectively and efficiently 
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organizing a plurality of items, which are not clearly organized by the 
individual with his or her own specific scale of rating or meaning, but are 
perceived by the individual as ambiguous and various thought item, by using a 
scientific or statistical process, while effectively utilizing the relationship 
information, i.e., relation ratings between two items of each of the all possible 
pairs of the items which are ambiguously recognized by the individual. The 
present analyzing method makes it possible to generate the representation space 
as a latent semantic space on which various kinds of dimensions of the plurality 
of items are fitted with respect to at least one principal dimension axis thereof, 
to clearly shown the relationship between the plurality of items. 

As is apparent from the foregoing description, the statistical process 
used in the present invention is different from a correspondence analysis 
generally known in the art. Namely, the correspondence analysis requires two 
sets of variables clearly divided from each other, while the analyzing method of 
the present invention does not need such two sets of variables. This means that 
statistical method such as a multivariate analysis may effectively be applicable 
even to the thought items that seems to be ambiguously correlated with each 
other and seems not to be divided into two or more groups. Moreover, such an 
application of the statistical method for analyzing the thought system effectively 
provides unthinkable results such as a detection of unknown factor of the 
thought system by a factor analysis, and a detection of an unknown principal 
component of the thought system by a principal component analysis. This means 
that the method of analyzing the thought system of the present invention 
permit the subject to perceived or recognize his or her subconscious thought 
which is never noted by the subject as principal dimension axes on the 
representation space. Namely, the representation space is arranged to reflect the 
perceived relation ratings between two items of each of the all-possible item 
pairs. Based on these perceived relation ratings of the items, the principal 
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dimension axes are extracted on the display space. By observing the principal 
dimension axes, the subconscious thought is effectively revealed. 

According to the present embodiment, there is initially obtained from 
the individual the list of items of ambiguous thoughts that are perceived by the 
individual such that these items are not clearly organized, but appears to be 
related with each other. Subsequently the individual is requested to reply the 
queries regarding the relationship between two items of the all possible pairs of 
the items, which queries are arranged to become ambiguous on purpose, e.g., the 
queries are arranged to ask an abstract relation rating between the two item. 
This arrangements is effective to obtain suitable relationship information data 
which may be ambiguous but may be usable for the statistical analysis executed 
later. In particular, these queries have no objective or significant standard for 
judgement of the relation rating, so that the individual may feel difficulty in 
judging the relation rating at first, but may gradually feel easiness for the 
judgement, whereby a response time required for the individual to judge the 
relation rating of the two item is gradually shortened. Therefore, the queries of 
the present embodiment arranged as described above, is capable of obtaining 
an abstract semantic-axis existing latently under the individual's perception 
(thought system) from ambiguously obtained relation rations of the items. In 
this respect, one of the advantageous feature of the present invention exists in 
the point that the abstract semantic-axis which does not perceived by the 
individual may be extracted by using the statistical analyses on the ambiguous 
relation ratings of the items. 

Namely, the presence of the objective or substantive standard with 
respect to a "relationship" undesirably limits a source of the thought items to the 
items clearly and theoretically recognized by the individual, resulting in an 
unsatisfied result of the analysis, i.e., a typical result of the statistical analysis. 




To avoid this drawback, the thought system analyzing method and apparatus of 
the present invention eliminates objective or substantive standard, permitting an 
ambiguous judgement by the individual of the relationship between two items of 
each of the all-possible item pairs. Thus, it may be possible to extract the 
5 semantic dimension functioning as a clue for detecting an essential axis of the 
thought system as a whole. 

Particularly, the analyzing method of the present embodiment employs 
the SEQ control matrix of Fig. 7 to control the order of obtaining relation rating 
10 between two items of the all possible item pairs, such that repetition of items in 
^ consecutive item pairs is avoided. That is, the SEQ control matrix is arranged to 

prompt the individual to make a non-logical or a non-systematic decision on the 
fy relationship between each item and the all other items. This arrangement 

tn 

effectively prevents occurrence of distortion of the decision due to a logically or 
'-15 a systematic decision on the relationship between items, upon extracting the 
C3 essential axis of the thought system of the individual, leading to accurate 
p extraction of the essential axis of the thought system. 

C3 

fess * Accordingly, the analyzing system of the present embodiment permits 

20 objective extraction of principal or essential axis or classes of a human thoughts 
which seem to exist in a depth psychology of the human's subconscious, as well 
as classification of the thought items appears in the human's conscious. In the 
analyzing method of the present embodiment, for example, the individual is 
simply required to input twelve items perceived by him or her, and to input his 
25 or her perception of relationship between two items of each of the all possible 
item pairs. Based only on the relationship information inputted by the 
individual, the suitable static analysis is performed, whereby the desired 
essential axis of the individual's thoughts may be obtained in the form of the 
display matrix representing a coordinate space as a latent semantic space. The 
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obtained display matrix is visually presented in the preferable graphical formats 
of Figs. 11-14 where each perceived item is plotted in the coordinate space. 
Accordingly, the individual can recognize essential gist of his or her thoughts 
that have not been perceived by himself or herself, by observing these graphs of 
Figs. 11-14. 

While there will be described in detail about unique features and 
advantages of the present embodiment, with reference to Figs. 11-14, for 
illustrative purpose, it is to be understood that the present invention is not 
limited to the details of the present embodiment. 

Referring to Fig. 12, there is shown diagrammatic representation of a 
two dimensional graph 50 as a graphical display format having an x-axis and a 
y-axis . As well known by those skilled in the art, x-axis and y-axis may 
represent various quantities or variables. With respect to x-axis , it is easily 
noted that relatively high contribution to x-axis is loaded by the two items 
"Plan for new office" and "Brand new demo". Since the common factor of these 
two items is "new", the inventor can find first from the graph 50 of Fig. 12 that 
his perceived items may be arranged by dividing into two groups, i.e., "new 
matters" and "the others". In this respect, it should be understood the fact that 
the inventor finds the way to arrange the items based on time for the first time 
after he observes the analyzing result projected on the graph 50 of Fig. 12. 
Namely, the inventor neither recognizes the time-associated arrangement of the 
items upon listing the twelve items, nor prepares any specific scale such as a 
time-associated scale, for judging the relation rating between two items of each 
of the all possible item pairs. 

Further, the individual (in this case, the present invention) can find 
that three items each somewhat strongly contributing to x-axis gathered on the 
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left side of the graph (i.e., coordinate). The all three items have a strong 
relation to the specific factor "PI" which concerns the specific patent, although 
it is difficult to understood for the other person, except the inventor. With the 
observation of the graph of Fig. 12, the inventor understands that the three items 
commonly relating to "PI" make a group or class characterized by the same 
concept "PI". In this respect, it is fully acceptable for the inventor that only the 
above-indicated three items are grouped into the same class, although there is 
another item which includes the word "patent", but not relate to the specific 
patent "PI", as shown in the graph 48 of Fig. 11. It is also fully acceptable for 
the inventor that the items relating to "PI" have the smallest value of x-axis or 
coordinate so as to be arranged as the most oldest matters, while the item 
"patent for new business model (s/c)" has few contribution with respect to 
x-axis, even though this item including the word "patent". In view of the above, 
it is assumed that x-axis has strong relation to time. It should be understood that 
x-axis represents one of the orthogonal axis of the inventor's thought, which is 
not simply characterized by the name of the time axis, so that the x-axis is not 
recognized by the inventor at the beginning of the analyzing method. However, 
with the particular statistical method, that is, S.V.D in the present embodiment, 
the twelve items is effectively arranged with respect to a specific axis, i.e., 
x-axis whose component has not been recognized. After observing the x-axis, 
the inventor can recognize that the x-axis is associated with time. This means 
that the present analyzing method and apparatus is capable of extracting the 
frame of the inventor's thought having an essential axis of dimension, e.g., 
x-axis associated with the time frame, without adverse influence of words of 
the items, such as "patent". 

Referring next to Fig. 13, there is illustrated diagrammatic 
representation of a two-dimensional diagram 52 as another display format, 
wherein the items having a negative value of x-axis (not new), are divided into 



two groups which are plotted in two different regions which are spaced from 
each other in the direction of y-axis. In this respect, it is noted that the items 
having a positive value of x-axis, i.e., the items regarding new matters have a 
little contribution to y-axis . This may be because the new items have not yet 
divided into any groups with respect to y-axis in the inventor's thought. With 
observation of the graph 52 of Fig. 13, the inventor understand that the item 
"Automatic class finder" which is plotted in the upper side of y-axis is a 
matter of underdevelopment, while a group of items which is plotted in the 
lower side of y-axis is a matter which has been developed to some extent. Like 
in the case of the graph 50 of Fig. 12, the inventor did not recognize that the 
items may be clustered with respect to y-axis , i.e., with respect to states of 
development thereof, until he observe the graph 52. As a result, the graph 52 
allows the inventor to find and recognize y-axis as another essential axis of 
his thought. Further, in the graph 52 of Fig. 13, the items "talk with Ms. 
Osaka" and "talk with Mr. Ohshita" are plotted in the upper side of y-axis where 
the developing item "Automatic class finder" is plotted. With the observation of 
the graph 52, the inventor can recognize then for the first time that the items 
"talk with Ms. Osaka" and "talk with Mr. Ohshita" which are concerned with the 
developing item "Automatic class finder", may be classified into a group of 
developing matters and are distinguished from the group of developed matters 
plotted in the lower side of y-axis and the group of new matters plotted in 
the right side of the graph 52 which have not yet been matured to be discussed 
with someone. This inventor has never been recognized such a classification 
of the items before performing the analyzing method of the present embodiment. 
In particular, the item "talk with Ms. Osaka" has a value of y-axis smaller than 
that of the item "talk with Mr. Ohshita", while being plotted near the items in 
relation with the specific patent "PI". This means that the inventor should talk 
with Ms. Osaka not only about development of the "automatic class finder", but 
also about the specific patent "PI". TO the inventor's great surprise, the 
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graph 52 shows that the items "talk with Mr. Ohshita" and "talk with Ms. 
Osaka" are plotted on the respective locations different from each other, and 
that each location corresponds to a weighted average of items about which the 
inventor wishes to discussed with Mr. Ohshita or Ms. Osaka. 

According to the thought-system analyzing method and apparatus of the 
present embodiment, a plurality of items (a set of items) perceived in the 
subject's (inventor's) conscious are obtained as a tentative data. Then, there are 
performed specific mathematical or statistical methods which is arranged to 
reveal a latent structure of the subject thought from the obtained set of items, 
resulting in extraction of an essential axis of dimension of the subject thoughts. 

Then, the result of the analyzing method provides the display matrix 
which permits a clear and entire projection of a thought system of the subject 
on the thought display space, which is not even recognized by the subject before 
the analyzing method is executed. Thus, the present analyzing method is 
effective to arrange and recognize the entire of the subject's thought system 
which generally has the structure of multivariate dimensions in which a 
plurality of elements are complicatedly related with each other. 

Further, by only observing items plotted on the display space according 
to the display matrix, the subject can recognize the thoughts of his or her 
subconscious as a root of the perceived thought of the subject's conscious, 
permitting an effective organization of his or her thought. The present method 
may be effectively utilized for making a decision of ideas or way of act, solving 
problems, mental treatments such as psychological understanding, psychological 
analysis and the like. 

While the present embodiment is arranged to display the all items with 
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the same color as in Figs. 11-14, the display device constructed according to the 
present invention may preferably be arranged such that the items are displayed 
with the different colors which are varied corresponding to the cluster numbers, 
provided the display device or the printer is available for a color display or 
printing. This arrangement facilitates recognition of the difference between the 
clusters, improving efficiency and accuracy of recognizing the frame of the 
thought space of the subject. 

Referring next to Figs 15-21, there will be described a second 
embodiment of the present invention. The thought-system analyzing method and 
apparatus according to the first embodiment are arranged to analyze a thought 
system of one individual, using as multivariate a plurality of items perceived by 
the individuals, which items are fabricated by the individual in the form of 
phrase. On the other hand, the thought-system analyzing method and apparatus 
according to the present embodiment are arranged to analyze a thought system 
of an individual upon making a decision on a specific subject under a 
predetermined conditions, wherein multivariate consist of a plurality of items in 
the form of words or phrases which are selected by the individual from the 
predetermined conditions. The predetermined conditions may be applied to the 
subject (an individual in the present embodiment) in various forms, such as 
information literally described. The analyzing apparatus of the second 
embodiment comprises hardware components arranged similarly as in the first 
embodiment as shown in Figs. 1 and 2, the detail description to which is omitted 
to avoid redundancy. 

There will be described in detail about a process flow according to the 
second embodiment. Like the first embodiment, the process flow is started with 
the routin of Fig. 3 for obtaining the multivariate consisting of a plurality of 
items. Referring to Fig. 15, there is illustrated diagrammatic representation of a 




video screen of a display device of the present embodiment. Fig. 15 shows one 
example of a first graphical user interface 56 according to the present 
embodiment which is used for inputting items and is arranged similar to that of 
the first embodiment. In the user interface 56, there are listed eleven items 
obtained from the individual on the display as the user interface arranged 
similar to that of the first embodiment. In this respect, the listed items consist of 
words and phrases extracted from an English document which is previously 
presented to the individual to provide the specific conditions for making a 
decision on the specific subject. Namely, the individual may choose from the 
document the eleven key-words and phrases to which he recognize significance. 
Any documents may be employed in the present embodiment, provided the 
documents can be usable for providing specific conditions for making the 
specific decision. In the present embodiment, for example, the document may 
be a case actually assigned to MBA students to make a decision on the case as a 
supervisor of a car-racing team. The case generally contains the following: 
"The team has been improving the score in the recent races, and faces now the 
critical issue whether the team can make a sponsorship contract with any 
sponsor. The present race is a final one of this term. Victory on the present race 
assures an annular sponsorship contract with a big sponsor. However, there was 
reported about an engine trouble of the racing car, yesterday, indicating a 
possibility of occurrence of the engine trouble during the race, especially during 
the TV exposure of the race. The occurrence of the engine trouble during the TV 
exposure may lead undesirable resolution of the sponsorship contract with the 
present sponsor. One of the mechanics forecasts that the engine may be broken 
provided air temperature is low. Another one of the mechanics forecasts the 
engine lay not be broken in view of the fact that no data proves correlation 
between air temperature and the engine trouble. Now, it is notified that the air 
temperature of the day of the race is low." After reading the above-described 
case, the individual is assigned to make a decision on whether the team should 




be join the race, within 30 min. The analyzing method and apparatus according 
to the present embodiment is arranged to analyze a latent essential frame of the 
individual thought when he or she reads the above case and finally makes the 
decision on the subject. 

Like the first embodiment, the process routine according to the flow 
chart of Figs. 4 and 5 is executed for generating a relation matrix 58 of the 
eleven items as illustrated in Fig. 16. The present embodiment is also arranged 
to allow the individual to input a relation rating between two items of each of 
the all-possible pairs of the eleven items. The obtained relation ratings is used 
to obtain the relation matrix 58 of Fig. 16, which is a symmetric matrix where 
the rows and columns contains the same items, as in the first embodiment. 

Subsequently, the process routine of Fig. 5 is executed as in the first 
embodiment, for generating a display matrix. Fig. 17 shows a display matrix 60 
as well as a result of a cluster analysis. Further, the process routine according to 
the flow chart of Fig. 5 is executed, to display or print a result of the analysis in 
various graphical formats as illustrated in Figs. 18-21 according to the display 
matrix 60. Fig. 18 shows a two-dimensional graph 62 as one example of the 
graphical formats, wherein each item is represented by a circular object whose 
radius corresponds to a value of relative marginal frequency, i.e., mass thereof. 
Fig. 19 shows a two-dimensional graph 64 as another example of the graphical 
formats similar to the graph 62, wherein a radius of each item is varied 
corresponding to a value of absolute contribution thereof to the first axis 
(x-axis). Further, Fig. 20 shows a two-dimensional graph 66 as yet another 
example of the graphical formats similar to the graph 62 wherein a radius of 
each item is varied corresponding to a value of absolute contribution thereof to 
the second axis (y-axis). Fig. 21 also shows a two-dimensional graph 68 as still 
another example of the graphical formats similar to the graph 62, wherein a 



radius of each item is varied corresponding to a sum of the values of relative 
contribution thereof from the first axis to the second axis. 

Namely, the thought-system analyzing method and apparatus of the 
present embodiment employs as the thought items the plurality of words and 
phrases which are extracted from the document by the individual based on his or 
her ambiguous perception with respect to these words and phrases such that 
these words and phrases do not clearly recognized but may possibly be 
significant to the decision. Thus obtained items may partially represent the 
complicated thought system of the individual. The items is processed by the 
circular scientific or statistical method, like the first embodiment, permitting 
objective representation, e.g., graphs 62, 64, 66, 68 of Figs 18-21, of the 
semantic space of the individual on which the thoughts of the individual are 
projected. 

Therefore, the obtained result of the analysis, which may be observed by 
the graphical representation of Figs. 18-21, makes it possible to extract an 
extraction of an essential frame of the individual's thought which have not been 
at all perceived by the individual. 

There will be described in detail about unique features and advantages 
of the present embodiment, with reference to Figs. 18-21, for illustrative 
purpose it is to be understood that the present invention is not limited to the 
details of the present embodiment. Like the first embodiment, Figs. 18-21 show 
diagrammatic representation of two dimensional graphs 62, 64, 66, 68, wherein 
the obtained items are plotted by circular objects which varying in radii, 
although it should be appreciated that the items may generally be represented in 
a variety of different forms. For instance, the graph 64 of Fig. 19 having x-axis 
and y-axis shows the items represented by the circular objects are separated into 
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two groups that are opposed to each other in the direction of x-axis. Namely, 
one of the two groups which is plotted in the left side of the graph 64 includes 
the items regarding the situation where the race goes well. On the other hand, 
the other group that is plotted in the right side of the graph 64 includes the 
items regarding the situation where the race does not go well. Thus, the 
analyzing result of Fig. 19 reveals the individual judges the subject based on 
comparison between good situation and bad situation. Fig 20 shows the graph 66 
having x-axis and y-axis shows that the items of "Gut feeling" and 
"Data-to-support" strongly contribute y-axis, and accordingly have larger radii. 
Further, these two items "Gut-feeling" and "Data-to-support" are opposed to 
each other in the direction of y-axis. Thus, the analyzing result represented in 
the graph 66 of Fig. 20 reveals in y-axis one of the thought dimension of the 
individuals upon judging the subject, wherein scientific thought based on data 
and the sixth sense thought based on the individual's feelings are opposed to 
each other. In particular, the two items that contribute y-axis appears only on 
the right side of the graph 66, wherein the items regarding the bad situation are 
plotted. This exactly reveals that the thought dimensions represented by y-axis 
may affect only on judgement of items regarding bat situation, although the 
revealed fact was not found even by the subject, before executing the analysis. 
As is apparent from the analyzing results as described above, the 
thought-system analyzing method and apparatus of the present embodimentis 
capable of retrieving the essential axis (i.e., y-axis) of the individual thought 
system based on which the individual arranges his or her thought system. That is, 
with the observation of the analyzing result represented in the graph 66 of Fig. 
20, the individual can find for the first time that he or she tried to judge the 
subject on the basis of either the items plotted on the right side of the graph 66, 
or the items plotted on the left side of the graph 66, for example. 

While, the second embodiment of the present invention has been 




described based on the fictionally case actually used in a class of MBA in the 
U.S., , the present method and apparatus for analyzing the thought system of the 
subject is not limited to the second embodiment but may otherwise be 
embodied. 

5 

There will be described a third embodiment of the present invention 
wherein the thought-system analyzing method and apparatus of the present 
invention is arranged to analyze a thought system such as a consensus of a 
plurality of individuals. The thought system analyzing method and apparatus of 

13 10 the third embodiment may preferably be applicable for deciding a way of 
management, discussing about a new product in a planning conference, and 

Jr! the like. The analyzing method and apparatus according to the third embodiment 

^ may be used in a conference as follows: First, a plurality of key- wards obtained 

fU 

fy in a preceding discussion are inputted into the analyzing apparatus as a plurality 

p 15 of items perceived by the subject, i.e., a plurality of individuals, that is 
f t members of conference. Then, all members of the conference are discussed to 

:jj assign an appropriate relation rating to each of all possible pairs of the items. 

C3 The obtained relation ratings are also stored in the analyzing apparatus. The 

analyzing apparatus executes a thought analysis according to the present 
20 invention based on the stored information, and display an analyzing result in a 
graphical format for example. The analyzing result of the preceding discussion 
permits the conference members to arrange their discussed matters and to easily 
find unnoted matters, a significant thought dimension used for judgement, and 
the like. Alternatively, it may be possible to proceed further the discussion 
25 utilizing the analyzing result of the preceding discussign, and again to analyze 
the further discussion by means of the present analyzing apparatus. Moreover, 
the present invention may be embodied by using a network system, facilitating a 
use of the present analyzing apparatus by a plurality of individuals. 
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In the third embodiment, the plurality of conference members may be 
considered as a subject whose thought system is analyzed by the analyzing 
method and apparatus of the third embodiment. However, the thought-system 
analyzing method and apparatus may otherwise be modified such that the 
conference members cooperate to only obtain the plurality of items, while 
shearing the all possible pairs of items for assigning relation ratings thereto. 
This arrangement assures an easy and rapid execution of the relation-rating 
assignment. 

Alternatively, the thought-system analyzing method and apparatus 
according to the third embodiment of the present invention may also be 
otherwise arranged such that the conference members cooperate to obtain the 
plurality of items, while each member is requested to assign the relation ratings 
to the all possible pairs. Then, the analysis of the thought system according to 
the present embodiment is performed based on each of the relation ratings 
obtained from each member. The analyzing result for each member is projected 
into the same space, while differences between the results of the members are 
displayed as difference vectors. This arrangement facilitates comparison 
between thought systems of the different members, leading to finding of 
unnoted matters or another discussing points. 

There will be described in detail the thought-system analyzing method 
and apparatus according to the third embodiment of the present invention, which 
may be applicable for analyzing a thought system of a subject consisting of a 
plurality of individuals. In particular, the following description is concerned 
with a case where two peoples A and B constitute a subject of the analysis. It 
should be noted that the thought-system analyzing method and apparatus of the 
present embodiment is essentially arranged such that the items inputted into the 
analyzing apparatus are common to all the individuals (two individuals in the 
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present embodiment), while two set of relation ratings of the all possible pairs 
are separately obtained from the respective individuals. These information 
including the common items and the different set of relation ratings, is analyzed 
according to the thought-system analyzing method and apparatus of the present 
embodiment, whereby the thought system of the subject consisting of the 
plurality of individuals is accurately analyzed. 

In the present embodiment, it is supposed that the individual who is the 
subject of the second embodiment (hereinafter referred to as the individual A) 
cooperates with the other individual B to choose the eleven items used in the 
second embodiment. Each of the individuals A and B is requested to separately 
perform the assignment of the relation ratings to the all possible pairs of items. 
The obtained common items and the relation ratings of the every individuals are 
processed by the statistical method as in the second embodiment, so as to obtain 
a relation matrix 70 as illustrated in Fig. 22. As shown, the relation matrix 70 of 
Fig. 22 is a juxtaposition matrix which includes a first relation matrix 72 
generated for the individual A similar to the relation matrix generated in the 
second embodiment, and a second relation matrix 74 generated for the 
individual B which is disposed under the first matrix 72. That is, the 
juxtaposition relation matrix 70 includes 22 rows and 11 columns wherein the 
first row thought the eleventh row relate to the individual A, while the twelfth 
row thought the twenty-second low are relate to the individual B. 

Thus obtained relation matrix 70 in concerned with the individuals A 
and B, may be analyzed by two kinds of methods, for example. One method is 
arranged to analyze the relation matrix for extracting an aggregated thought 
system of the individuals A and B. The other method is arranged to analyze the 
relation matrix 70 for extracting respective thought systems of the individuals A 
and B. The obtained respective thought systems are fitted into the same thought 
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space, i.e., the same representation space, to thereby clarify a difference in 
thoughts between the individuals A and B, in other words, a difference in way of 
thinking with respect to the same item between the individuals A and B. 

More specifically described, in the former case, there is initially 
generated a aggregated relation matrix 76 each element of which has a value 
obtained by summing up the values of the corresponding elements of the first 
and second relation matrixes 72, 74 for the individuals A and B. Fig. 23 shows 
one example of the aggregated relation matrix 76 which is generated from the 
first and second relation matrix 72, 74. The aggregated relation matrix 76 is 
processed similar to the second embodiment, thereby generating a display- 
matrix 78 and a set of cluster values as a result of the cluster analysis, as in the 
second embodiment. The display matrix 78 and the result of the cluster analysis 
are illustrated in Fig. 24. Also, the display matrix is capable of displaying each 
item on a representation space (e.g., a graphical format) as a latent semantic 
space. 

Referring next to Fig. 25, there is shown diagrammatic representation of 
a two dimensional graph 80 as a graphical display format. The two-dimensional 
graph 80 has a x-axis and a y-axis, wherein each item is plotted in the 
corresponding coordinate according to the display matrix of Fig. 24, with a 
circular object whose radius is variable. As mentioned above, the aggregated 
relation matrix 76 is generated by summing up the first and second relation 
matrixes 72, 74 for the individuals A and B, respectively, that is the aggregated 
relation matrix 76 may be prepared by dealing the individuals A and B with a 
single subject. Accordingly, graph 80 of Fig 25 clearly projects the position of 
each item on a representation space, i.e., a thought space which represents a 
latent semantic space of the single subject, by fitting the space into the 
two-dimensional graphical format. In this respect, the radius of the each circular 




object represents the value of relative marginal frequency of the corresponding 
item. 

On the other hand, in the later case, the relation matrix 70 of 
5 juxtaposition type of Fig. 22 is initially generated on the basis of the first and 
second relation matrixes obtained from the individuals A and B, respectively. 
Subsequently, the same statistical processes as in the second embodiment are 
performed using the juxtaposition relation matrix 70 of Fig. 22, thereby 
obtaining a display matrix 82 as shown in Fig. 26. The display matrix 82 is 
P 10 capable of distinguishably display positions of the items according to the 
Jjlj individual A and the corresponding positions of the items according to the 

individual B, on the same display space representing a latent semantic space 

f |j 

li] common to the individuals A and B. That is, the display matrix 82 permits 

rij 

rjj displaying the common display space to the individuals A and B. Moreover, the 

*.* 15 display matrix 82 is capable of displaying a difference in recognition of a 

Ik J 

relationship between each item to the other items, between the individuals A and 

in b. 

□ 

Referring next to Fig. 27, there is shown diagrammatic representation of 
20 a two dimensional graph 84 having a x-axis and a y-axis, wherein two sets of 
items are plotted with the circular objects, according to the display matrixes for 
the individuals A and B. Namely, the thought systems of the individuals A and B 
are projected on the same representation space which represents a latent 
semantic space common to the individuals A and B. In this respect, the radius of 
25 the each circular object corresponds to the value of relative marginal frequency 
of the corresponding item. 



The analyzing result as shown in the two-dimensional graphs 80, 84 
visually clarify the following matters. Namely, the juxtaposition relation matrix 



70 of Fig. 22, that is the first and second relation matrixes 72, 74, clarify a 
difference between the individuals A and B in their perceptions of relationship 
between each item and the other. Based on the juxtaposition relation matrix 70, 
there is generated a difference matrix 86 each element of which corresponds to 
5 the difference between the corresponding elements of the first and second 
relation matrixes 72, 74 for the individuals A and B in the juxtaposition relation 
matrix 70. As is apparent from the difference matrix 86, the individuals A and B 
assign different relation ratings with respect to 25 item pairs among the 55 item 
pairs. Since the juxtaposition relating matrix 70 is a result from the relation 
fi 10 rating on three levers, provability of the accident coincidence is 1/3 at random. 
J:J In view of this, the rate of coincidence (30/55=54.5%) between the first and 

|* second relation matrixes 72, 74 is considerably low. In particular, one cells of 

111 the difference matrix 86 of Fig. 26 contains the numeral value 2, for 

f !j 

f jj representing the opposite perceptions of the individuals A and B with respect to 

15 the same item pairs. Moreover, due to the relation ratings on three levels, even 

j the difference of more than one level of the relation ratings leads to a relatively 

£ 3 

£11 large difference. 

i : \ 
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However, the analyzing result appears on the graph 80 of Fig. 25, which 
20 represents aggregated thought system of the both individuals A and B generated 
according to the aggregated relation matrix 76 of Fig. 23, is not so much 
different from the corresponding graph 62 of Fig. 18 which represent the 
thought system of the solely individual A. This means that although the first 
and second relation matrixes 72, 74 for the individuals A and B differ in values 
25 of the relation ratings for the some item pairs, observation on eigen values of 
the matrixes 72, 74 which is obtained by the S.V.D, in other words, eigen 
vectors of the items, reveals that the both individuals A and B are similar in 
their arrangement of the items in their thought system, i.e., position vectors of 
the items. Therefore, it is recognized that the individuals A and B have an 



essentially similar recognition with respect to the items. 

Further study of the graph 25 shows that the item "Luck" has a greater 
value of y-axis in comparison with that of the item "Success", whereas the graph 
62 shows that the items "Luck" and "Success" have almost the same value of 
y-axis. This means that the individual A recognize the items "Luck" and 
"Success" as the similar items, while the individual B recognize the item "Luck" 
is more strongly concerned with the sixth sense matters e.g., the item "Gut 
feeling" than the item "Success", and is opposite to the scientific matters e.g., 
the item "Data to support". 

As is apparent from the foregoing description, the thought system 
analyzing method and apparatus according to the present embodiment are 
capable of mathematically clarifying only a slight difference between the 
recognition of the individuals, which is less likely recognized by the discussion 
using the words. Namely, the present analyzing method and apparatus permit an 
analysis of the thought system of the subject consisting of a plurality of 
individuals based on not only the superficial difference but also the difference 
in a semantic meaning of the specific item between the individuals A and B. 
That is, the present analyzing method and apparatus is capable of extracting the 
difference between the individuals in essential dimensions of the thought 
systems. 

In the present embodiment, the aggregated relation matrix 76 of Fig. 23 
can be generated by simply summing up the first and second relation matrixes 
72, 74 for the individuals A and B, since the thought systems of the individuals 
A and B are extremely similar to each other. Thus obtained aggregated matrix 76 
can be used to generate the display matrix 78 of Fig. 24 which permits 
displaying the thought system as a common recognition of the individuals A 




and B. As mentioned above, the comparison between the graphs 62 and 80 aid 
the individuals to understand the difference such as the difference in the 
position of the item "Luck", assuring easy extraction of the difference between 
the individuals A and B in recognition of the items. 

When the subject of the analysis may consist of a plurality of 
individuals having different thought systems, in contrast with above mentioned 
case, the thought system of the subject may be analyzed based on a aggregated 
relation matrix generated by summing up the different relation matrixes of 
respective individuals, like the above case. Alternatively, the thought system 
may be analyzed by separately analyzing the thought system of the respective 
individuals and preferably observing a difference between the individuals in an 
essential dimension axis or axes of the thought system thereof, or observing a 
deviation of the essential dimension axis or axes of the thought system of one 
individual from that of the though systems of the other individuals. 

Referring back to Fig. 27, there is illustrated the graph 84 representing 
the analyzing result obtained by directly processing the juxtaposition relation 
matrix 70 of Fig. 22 with S.V.D, for example. The graph 84 is arranged to 
effectively indicate a difference between the individuals A and B in recognition 
of each item by means of a difference vector shown by an allow in the graph 84. 
As is apparent from the directions of allows of the graph 84, the individual B, in 
comparison with the individual A, is likely to draw the items located in the right 
side of the two dimensional coordinate to the left side, while being likely to 
draw the items located in the left side of the two dimensional coordinate to the 
upper side. Further, the individual B, in comparison with the individual A is 
likely to have a relatively small opinion of the items which contribute the x-axis, 
while having a relatively large opinion of items which contribute the y-axis. In 
particular, it is recognized that both of the individuals A and B commonly 




recognize the contrast between the scientific matters, e.g., item "Data to 
support" and the sixth sense matters e.g., item "Gut feeling". Especially, while 
the individual A is likely to distinguished strongly these two items from the 
other items located in the left side of the two dimensional coordinate of the 
graph 84. The above-described difference in thought system between the 
individuals A and B may be due to an influence of their educational 
backgrounds, that is, the individual A has an education in the business school in 
the U.S., while the individual B has not such a special education. The analyzing 
result of Fig. 27 is also useful for recognize the difference in recognition of 
each item between the individuals A and B, by observing the positional 
differences between the identical items. For instance, the positions of the items 
"Gut feeling" and "Data to support" and "Success" according to the recognition 
of the individual A are different from the positions of the corresponding items 
according to the recognition of the individual B. Thus, the graph 84 allows the 
individuals to notes the difference between the individuals A and B in 
recognition of the same items which may cause an nonconformity of the 
discussion with them, and to find out a specific index to amend these difference. 

As is apparent from the analyzing result representing in the graph 84 of 
Fig. 27, the analyzing method and apparatus according to the present 
embodiment permits a clearly indication of the difference in thought system 
between the individuals A and B, not by using an superficial difference such as 
a linguistic difference, but by using an essential difference such as a difference 
of a dimensional-axis of the thought system. Accordingly, when the discussion 
does not come to a conclusion due to a presence of a slight difference in 
recognition of the specific word, between the individuals, the slight difference 
can be accurately analyzed by the present analyzing method and apparatus. Thus, 
the individuals can amends the extracted slight difference, effectively promoting 
the discussion. 




While the thought system analyzing method and apparatus according to 
the third embodiment of the present invention has been described about the case 
where the though systems of the two individuals is analyzed, the present 
5 analyzing method and apparatus may be applicable to analyze thought systems 
of more than two individuals. For instance, the present analyzing method and 
apparatus can be used in a planing conference or a management conference in a 
company, for analyzing contents of discussion in the conference, assuring 
efficient promotion of the conference and accurate understanding of the 
10 individuals about the contents of the discussion. It should be noted that for 
*;f analyzing the difference in the thought system between various individuals, the 

analyzing apparatus of the present invention may be arranged such that a 
til selection of thought items is performed by all of the individuals cooperated with 

Hi each other, while assignment of relation ratings to the all possible pairs is 

15 separately performed by each individual, like the foregoing embodiment. By 

*'J way of example, the analyzing apparatus according to the present embodiment 

£3 

fil may be includes a plurality of terminal equipment for allowing the plurality of 

individuals to assign and input the relation ratings to the all possible pairs 
therethrough, respectively. The relation ratings inputted thought the terminal 

20 equipment are integrated and then preferably processed with a specific 
statistical method such as S.V.D. Further, the individuals are cooperated with 
each other to select the items as commonly perceived items and input these 
items into one analyzing apparatus. The selected items can be delivered from the 
analyzing apparatus to the terminal equipment via a communication network so 

25 as to display on the screen of the display of each terminal equipment. 
Alternatively, the analyzing apparatus of the present embodiment may be 
arranged such that the terminal equipment may be operable by the individuals to 
input the commonly perceived items or to access the analyzing apparatus to 
correct the inputted perceived items. The present analyzing apparatus is further 



arranged to display the inputted or corrected perceived items on the display 
device of each terminal equipment in real time. 

While, the present invention has been described in detail above in its 
preferred embodiments, it is to be understood that the present invention is not 
limited to the details of the illustrated embodiments, but may be otherwise 
embodied. 

For instance, the step of transforming the relation matrix to the display 
matrix may further employs a weighted matrix to externally process a specific 
vector component obtained by the singular value decomposition. 

Further, the following three arrangements: 1) the sequence (SEQ) 
control matrix for controlling an order of making possible pairs of the items 
such that repetition of the items in the consecutive item pairs is avoided, 2)the 
step for displaying warning of the unacceptable ratings, and 3) the step of 
re-executing the routine for obtaining the relation ratings are not necessarily 
required, but may be employed as needed. 

Moreover, the graphical user interfaces are not limited to the illustrated 
forms, but may be embodied in a variety of different forms. 

It is to be understood that the present invention may be embodied with 
various other changes, modifications and improvements, which may occur to 
those skilled in the art, without departing from the spirit and scope of the 
present invention defined in the following claims: 



